Study Population and Data Sources
Participants included in this research were enrolled in the Millennium Cohort Study, a large prospective study initiated in 2001 to assess the health effects of military service, including deployment-related experiences. [14] [15] [16] Invited participants were randomly selected from US military personnel serving in October 2000. To ensure sufficient power to detect differences in smaller subgroups, this cross-section of the US military was oversampled for service members with previous deployment experience to Southwest Asia, Bosnia, or Kosovo; Reserve and National Guard members; and women. The methodology of the Millennium Cohort Study has been previously described. 15 Participants provided informed voluntary consent and completed a baseline survey followed by follow-up questionnaires that were offered at approximately 3-year intervals. The study was approved by the Institutional Review Board (IRB) at the Naval Health
Research Center (NHRC) and conducted in compliance with all applicable federal regulations governing the protection of human subjects (Protocol NHRC.2000.0007).
Of the 209,146 participants invited to participate during [2001] [2002] [2003] 77 ,047 consenting participants enrolled, 55,021 (71%) completed the first follow-up questionnaire, and 54,790 (71%) completed the second follow-up questionnaire. Compared to those who did not enroll, participants were slightly more likely to be female, older, white/non-Hispanic, officers, more educated, and serving in the Army; deployment status prior to enrollment was similar between participants and non-participants 17 .
Two analytic populations were created to assess the outcome of newly reported CHD.
We used self-reported survey data (all members of the cohort) and diagnostic codes from the medical records (among active duty members). Of the 77,019 consenting eligible participants (n=28 excluded due to ineligibility) who completed the baseline questionnaire, the following baseline survey followed by follow-up questionnaires that were offered at appro ox xi xima m m t te ely ly ly 3 3 3-y -y -yea ear ntervals. The study was approved by the Institutional Review Board (IRB) at the Naval Health
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were excluded from the CHD self-report population: 2,065 (2.7%) who reported CHD at baseline, 13,264 (17.2%) who did not complete at least one follow-up questionnaire, 1, 191 (1.5%) missing CHD status at baseline, 422 (<1.0%) missing CHD status at follow-up, and 52 (<1.0%) who responded affirmatively to all 41 provider-diagnosed medical conditions. The total self-report population for this analysis included 60,025 participants. For the population with medical diagnosis codes (ICD-9), we evaluated service members on active duty service since this group had accessible records. Of the 77,019 consenting eligible participants, the following were 
Outcome

Coronary Heart Disease
Newly reported CHD was defined as the self-reported absence of a doctor or other health professional diagnosis of coronary heart disease, heart attack, or angina (chest pain) at or before the baseline survey, and the presence of coronary heart disease or heart attack at follow-up.
Affirmative responses to "angina (chest pain)" at follow-up were not included in the definition to avoid potential misclassification of noncardiac causes of chest pain as CHD.
New-onset CHD medical diagnosis codes encompassed ischemic heart disease conditions (ICD-9-CM codes 410-414). Participants with a new-onset CHD diagnosis code were included if they lacked an outpatient and inpatient code for ischemic heart disease at or before the baseline survey, but had an affirmative code by the latest follow-up survey assessment. To ensure adequate time for entry of codes into the databases, we investigated electronic health records for 90 days after the follow-up questionnaire submission date. Previous validity studies have found moderate to substantial agreement between self-report and medical records for CHD and myocardial infarction, with a sensitivity of 62% and specificity of 99% for incident CHD. 18, 19 In this study, self-report and provider diagnosis code agreement was fair ( = 0.28; 95% CI, 0.22-0.34), with a sensitivity of 43% and specificity of 99%.
Exposures of Interest Deployment
Deployment in support of the operations in Iraq and Afghanistan was based on in-and out-oftheater dates recorded in official military records. Among deployers, combat experience was assessed on follow-up surveys through self-report of personally witnessing or being exposed to one or more of the following over the past 3 years: a person's death due to war or disaster, hey lacked an outpatient and inpatient code for ischemic heart disease at or bef for or re th th t e e e ba ba base se seli li line ne urvey, but had an affirmative code by the latest follow-up survey assessment. To ensure ad deq eq equa ua uat te te t t tim im ime e e fo or r r e en entry of codes into the database se ses, , we investigat ted e e e ele le ec c ct tr tronic health records for 9 90 0 d d day a s after th th he e fo fo oll l low ow-u -u -up p p qu qu ques esti ti ion on onna na air re e su u ubm m miss s sio o on d d da at ate. e. P Pr re revi vi iou u us s va va ali idi dity ty y s s stu tudi di dies es s h h ha a ave e e f fo foun un und mo mo ode de dera ra rate te t to o o s su subs bs sta a ant ntia ia al ag ag a re r e em emen en ent t t be be b tw tw wee ee een n n se self lf lf-r -rep ep epor o t t t an an and d d me me medi di d ca ca al l l re re r c c cor rd rds s fo fo f r r r CH CH HD D D an an nd d d myocardial i inf nf nfar ar arct ct tio io ion, n, n, w w with h h a a a se se ens ns nsit itiv iv ivit t ty y y of of of 62 62 62% % % an an and d d sp spec ec ecif if fic ic icit it ty y y of o o 9 9 99% 9% 9% f f for or or i i inc nc cid id iden en ent t t CH C C D. 18 18 18,19 19 19 In n physical abuse, dead or decomposing bodies, maimed soldiers or civilians, and prisoners of war or refugees.
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Posttraumatic stress disorder PTSD symptoms were assessed at baseline and follow-up using survey responses from the PTSD Checklist, Civilian Version (PCL-C). PTSD was identified in participants who reported a moderate or higher level of at least one intrusion, three avoidance, and two hyperarousal symptoms, with a PCL-C score of 50. 20 The validity of this measure has been studied among both civilain and military populations 11, 21, 22 , and has demonstrated good internal consistency in this cohort.
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Covariates
Covariates were assessed at baseline and included body mass index (BMI) which was calculated from self-reported height and weight as weight (kg)/height (m) 2 . Self-reported smoking status was categorized as never, past, or current, using questions that assessed lifetime smoking of >100 cigarettes (5 packs), a successful attempt to quit smoking, and cigarette use in the past year.
Self-reported alcohol use in the past year was categorized as none/low, moderate, or high consumption based on the question, "In the past year, on those days that you drank alcoholic beverages, on average, how many drinks did you have?" 24 Moderate drinkers were categorized as consuming 1 (female) or 1-2 (male) drinks on days they drank alcohol, while high consumption was defined as >1 (female) or >2 (male) drinks; those with lower amounts were categorized as none/low. Diabetes and hypertension were identified through self-report of a provider's diagnosis. Depression and anxiety symptoms were captured through the Patient Health Questionnaire 25 , embedded in the Millennium Cohort questionnaire. Depression symptoms were time-updated and assessed using the baseline and follow-up survey responses,
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Self-reported physical activity and strength training classifications were categorized as active or inactive based on recommendations made by the American College of Sports Medicine and the American Heart Association. 26 These two variables were assessed at the first follow-up survey since these questions were first available on the survey in 2004-2006.
Statistical Analyses
Descriptive and bivariate analyses were used to evaluate the unadjusted associations between newly reported CHD and deployment experiences, PTSD, and other covariates. The Generalized
Estimating Equations method was used to prospectively assess the associations between the exposures of interest (i.e., deployment experiences and PTSD) with the outcome of newly reported CHD, adjusting for covariates and time between baseline and follow-up. The exposures of interest were assessed at the baseline and follow-up surveys, and their associations with the subsequent development of newly reported CHD were evaluated using the first and/or second follow-up surveys. The modeling procedures utilized in this study assessed exposures prior to the outcome; outcomes that predated the exposures of interest did not contribute to the associations.
Three separate models, adjusting for different combinations of variables, were conducted: 1) adjustment for age, sex, and race, 2) adjustment for all covariates except depression and anxiety, and 3) adjustment for all covariates including depression and anxiety. Deployment, PTSD, and depression were measured longitudinally using baseline and follow-up surveys and were assessed prior to the first report of CHD. Anxiety was assessed only at baseline since this condition may have similar symptoms as PTSD. We utilized multiple imputation techniques to ensure the most robust study population by imputing data for all covariates including deployment experiences and PTSD. In addition to the multiple imputation models, we repeated the analyses exposures of interest (i.e., deployment experiences and PTSD) with the outcome e of f f ne newl wl wly y y eported CHD, adjusting for covariates and time between baseline and follow-up. The exposures of f i i int nt nter er eres est t t we we were a a ass ss sse essed at the baseline and foll low ow o --up surveys, a and nd n the he eir ir ir associations with the u ubs bs seq e uent dev evel el e o op pme me ent nt t o o of f f ne ne newl wly y y re re rep po or rt ted C CH H HD w were e e e ev eval al lua a ate ted d d u u usin ing g g th h he e fi fi fir rs rst t an an nd/ d/ d/or or sec ec econ on nd d
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using only participants with complete data and found similar findings. A sub-analysis using the outcome of a new-onset CHD diagnosis code was conducted in a subset of participants who remained on active duty throughout follow-up and for whom all electronic health care records were available. For all models, multicollinearity was defined by a variance inflation factor of 4.
The potential interaction of PTSD and sex was tested at p-value 0.10. Confounding factors were evaluated and retained in the adjusted model if they changed the measure of association between deployment or PTSD and CHD by more than 10%. Statistical significance for all variables within the models was a priori defined as a p-value <0.05. All data analyses were conducted using SAS, version 9.2 (SAS Institute, Inc., Cary, North Carolina).
Results
A total of 627 (1.0%) of the 60,025 participants newly self-reported CHD over a mean of 5.6
years between baseline and the most recent follow-up. The mean age of the participants at baseline was 34.4 years, while the mean age of those with newly reported CHD was 43.1 years.
At baseline, service members with newly reported CHD were proportionally more likely to be male, older, married, in the Reserves/National Guard or Army, obese, a smoker, a heavy drinker, inactive in regards to physical activity and strength training, and have diabetes, hypertension and depression (Supplementary Table 1 ).
Among the self-reported study population, 900 had deployed with combat experiences before the baseline assessment, 6,446 between baseline to the first follow-up assessment (or report of CHD if indicated), and 7,024 between the first and second follow-up assessments (or report of CHD if indicated). Regarding deployments without combat experiences, these occurred among 964, 7,224, and 6,536 participants in the respective timeframes. A total of 1,193
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In age, sex, and race adjusted models, combat deployers had higher odds of newly self- Table   2 ). Among deployers, cumulative days of deployment was also evaluated, but no significant association with self-reported CHD was found (Supplementary Table 3 ).
Screening positive for PTSD was significantly associated with newly self-reported CHD in the age, sex, and race adjusted model (OR 2.25, 095% CI 1.49-3.39) and in the multivariable model without adjustment for depression and anxiety (OR 1.66, 95% CI 1.10-2.50) ( Table 2) .
When depression and anxiety were included in the adjusted model, screening positive for PTSD symptoms was no longer associated with newly reported CHD (AOR = 1.27; 95% CI, 0.76-2.12) ( Table 2) . A moderately strong correlation between depression and PTSD (r=0.46) was noted in our study; for instance, among those with PTSD, 57% also met criteria for depression and 38%
for anxiety. PTSD was also examined using a continuous scale among deployers, but no relationship between the PCL score and CHD was found (Supplementary Table 3 ).
nondeployers compared with noncombat deployers. In the final adjusted model, ot o othe he h r characteristics associated with newly reported CHD included being male, older, less educated, ov ver er erwe we wei ig ight ht ht o or r ob b bes es ese e, current or past smoker,
and d d h ha a aving hyperten n nsi s s on n ( ( (S Su Supplementary Table
Multicollinearity was assessed in all multivariable models and there was no variable with a variance inflation level 4; an interaction term between PTSD and sex was not significant at the P 0.10 level.
In a sub-analysis of 23,794 active-duty participants with ICD-9 codes, 342 (1.4%) had new-onset CHD (Supplementary Table 1) . After adjusting for all covariates, deployers who reported combat experiences had nearly twice the odds of having a diagnosis code for new-onset CHD (AOR = 1.93; 95% CI, 1.31-2.84) than deployers without combat exposure. Active-duty participants with a diagnosis code for new-onset CHD were more likely to be older, married, obese, a current smoker, report none/low drinking versus high consumption, and report hypertension or depression (Supplementary Table 2 ). PTSD symptoms were not associated with newly diagnosed CHD in any multivariable model with or without adjustment for depression and anxiety ( Table 3) .
Discussion
Combat deployment, in addition to other established risk factors for heart disease, was associated with newly reported CHD as well as CHD defined by ICD-9 diagnosis codes. Screening positive for PTSD was associated with self-reported CHD prior to, but not after, adjusting for depression and anxiety, and was not associated with CHD by diagnostic codes. These findings suggest that young, military personnel who experienced combat during the recent conflicts may have a heightened risk for the development of CHD. This study highlights the potential impact of acutely stressful experiences on the development of CHD over a relatively short time period in young adults.
Similar to previous studies that reported adverse health outcomes among combat hypertension or depression (Supplementary Table 2 ). PTSD symptoms were no no ot t as as a so o oci ci ciat at ated ed ed with newly diagnosed CHD in any multivariable model with or without adjustment for de epr pr pres es ssi si sion on n a and n n a a anx nx nxie i ty ( Table 3) .
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Combat dep plo lo oym ym ymen en ent t, t, i i in n ad d ddi di d ti ti tion n n t t to o ot ot o he he her r es es esta ta tabl bl blis ishe he hed d d ri r sk sk sk f f fac ac acto to ors rs rs for or or h h hea ea eart rt rt d d dis isea ea ease se se, , , wa wa was associated d deployers, 12, [27] [28] [29] combat experiences in this study were positively associated with new-onset CHD by both self-report and diagnosis codes. While combat deployment was not associated in the univariate model with CHD (Supplementary Table 1) , after adjustment for age as well as for other relevant variables, a significant association was consistently noted in all models.
Although military personnel are encumbered with unique occupational strain from deployment,
exposure to combat appears to be the more profound stressor associated with mental and physical conditions than deployment alone or the number of cumulative days deployed.
The mechanisms by which combat deployment results in CHD are currently unknown, but may be related to intense job-related stressors. Stress is believed to arouse sympathoadrenal activity which may lead to the development of coronary atherosclerosis by invoking low-grade systemic proinflammation, arterial intimal injury, and plaque rupture. 3, 4 Long-term stress may result in elevations in blood pressure and heart rate with resultant adverse effects on the heart.
Intense, frequent stress responses may also increase platelet aggregation and coronary vasoconstriction leading to cardiovascular events, although results have varied, and the duration of the stress response may be more relevant to the development of disease. [30] [31] [32] [33] A large study in the general population recently demonstrated that job strain was a risk factor for CHD among all age groups and socioeconomic strata after adjustment for conventional risk factors. 34 Prior studies have suggested that combat exposure has an indirect effect on physical health outcomes mediated through PTSD, with PTSD having a direct effect. 2, 35, 36 Our study suggests that the effect of combat on CHD may occur independently of PTSD or the other variables in our adjusted models (eg, smoking, alcohol use, obesity), since their inclusion did not remove the effect of combat. It is noteworthy that the magnitude of the associations between combat experiences and CHD were attenuated when PTSD and other covariates were added to activity which may lead to the development of coronary atherosclerosis by invoki ki king g g low ow ow-g -g -gra ra rad de de ystemic proinflammation, arterial intimal injury, and plaque rupture. 3, 4 Long-term stress may e esu su ult lt lt i i in n n el el elev ev e a a atio ons ns ns i in blood pressure and heart ra ra rate te with resultant t ad a ve ve ers rs rse e effects on the heart.
n nte e ens n e, frequ uen ent t t s st tre es ss ss r r res es spo po pons n nses es m m may ay a al lso i in i c c crea a ase e e pl la at te tele let t a ag agg gr re eg gat atio io ion an and d d c co coro ro ona na nary ry r va vaso so soco co cons nstr tric ic icti t tion on le ea eadi ding ng g t to o ca ca ard rd di i iov ov ova as ascu cu ula la ar r r ev e even en ents ts, , a al alth h hou ou ugh gh gh res es esul ul lts s Our study is unique in that it evaluated the acute effects of PTSD on newly reported CHD. While we found that PTSD symptoms were associated with self-reported CHD, the findings were no longer significant after adjustment for depression and anxiety, and were not present in models using medical diagnostic codes. Of note, the lack of an association utilizing the medical records may have been influenced by reduced power as a result of the smaller study population and potential under-diagnosis of CHD in the medical records. Other studies finding an association between PTSD and CHD were based on older cohorts with more remote military experiences and persistent PTSD. Since many of the pathways hypothesized to link PTSD and CHD are a result of cumulative effects of emotional dysregulation, these may have not been seen in our study due to the relatively short follow-up period. Further, since PTSD is characterized by the recurrence of symptoms of the acute stress exposure, longer follow-up and additional analyses are warranted to detect potential associations between persistent PTSD symptoms and CHD over time.
In line with established major risk factors of heart disease, such as male sex, older age, smoking, obesity, and hypertension, 6 this study found these characteristics positively associated with newly reported CHD. Increased odds of CHD in these groups were found, despite our population being younger than other studies of veteran populations. 2, 5 present in models using medical diagnostic codes. Of note, the lack of an associ ia at atio o on n n ut ut util il iliz iz izin in ing g the medical records may have been influenced by reduced power as a result of the smaller study po opu pu pula la lati ti tion on n a and n n p p pot ot oten e tial under-diagnosis of CH HD D D in n n the medical re re r cord rd ds s. Overall, new-onset CHD was uncommon (1.0%) among young US military service members and veterans during the study period. Compared with a study of autopsy based coronary atherosclerosis in US service members who died of combat or unintentional injuries, our study found a lower prevalence of CHD, but our questionnaire-based case definition required clinical symptoms which typically occur later in the course of atherosclerotic disease. 38 Our rates of CHD are overall similar to that reported among young persons (12.9/1000 men and 2.2/1000 women over 10 years) in the general US population. 39 There were several limitations to this study. Although we adjusted for multiple risk factors for CHD, 6 data for serum cholesterol, diet, and hereditary factors other than race/ethnicity were not available. In addition, misclassification of covariates and potential residual confounding may have occurred given the self-reported nature of some covariates (e.g., weight) and lack of quantitative measurements (e.g., blood pressure). The follow-up period may have been too short for the development of clinically symptomatic CHD in this younger study population, resulting in small numbers; future follow-up of this cohort is recommended. Missing outcome data may have resulted in differential classification. Further, under-or over-reporting of the outcome may have occurred from using self-reported data to identify presence of CHD, and hence were validated with medical diagnosis codes among active-duty participants who had not separated from the military. Only participants on active-duty status throughout the entire study period were included in the sub-analysis since Reserve/National Guard participants may not have equal access to the DoD health care system and we were unable to capture clinical care codes generated by medical encounters outside the DoD system.
Regarding mental health conditions, we relied on self-reported symptomatic characteristics, which may be more valid than medical records since participants may be more were not available. In addition, misclassification of covariates and potential resid id dua ua al l l co co onf nf nfou ou oun nd nding may have occurred given the self-reported nature of some covariates (e.g., weight) and lack of qu quan an anti ti tita ta tati ti tive ve ve m m mea asu su sure rements (e.g., blood pressure) ) ). . willing to report these symptoms in a confidential manner that shields them from social stigma or negative career impact. For purposes of this research, PTSD diagnosis was established using a self-report measure; however, the PCL-C has established criterion validity with the ClinicianAdministered PTSD Scale, the gold standard for assessing and diagnosing PTSD. 40 Our study had several strengths including the prospective nature of the data collection which allowed for the assessment of both combat experiences and PTSD symptoms before CHD.
Incidence and estimated risks were also assessed given the prospective study design. All Maynard's participation in this research.
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Deployment Experiences
Deployed, no combat 952 (1.6) 12 (1.9) 612 (2.6) 6 (1.8)
